The influence of a deficient (7MM) or sufficient (1000MM) supply of magnesium (Mg2+) 
Introduction
Oxygen molecules in the atmosphere are relatively stable, but when they come into contact with the metabolic pathway they can be trandf ormed into active forms such as superoxide (O-2), hydrogen peroxide (H2O2), hydroxy radical (OH) and singlet oxygen (102)26). These oxygen species are often called active oxygen. They interact with a wide range of biological molecules and cause oxidative damage. The plant response under extreme enviromental conditions is known to be associated with free radicals or oxidative damage. These conditions are caused by herbicides2,23), air pollutants22), toxic metals6), temperature extremes16), salt stress26) and so Activity of AP was measured by monitoring the rate of ascorbate oxidation at 290nm
The reaction mixture consisted of 50mM potassium phosphate buffer (pH7.0), 0.1mM H202, 0.5mM ascorbate, and the enzyme aliquot. Glutathione reductase was assayed according to the method of Foyer and Halliwell by following the decrease in absorbance at 340nm due to NADPH oxidation (E=6.2mM-1cm).
The reaction mixture contained 100mM potassium phosphate buffer (pH7.8), 3mM MgCl2i 0.5mM GSSG, 0.2mM NADPH, and the enzyme aliquot. SOD was measured by the method described by McCord and Fridovich20). Prior to assay, crude enzyme was dialyzed for 24 hr at 2C. The assay mixture was comprised of 50mM potassium phosphate buffer (pH7.8), 0.1mM xanthine monosodium salt, 10mM cytochrome C, and an aliquot of xanthine oxidase (XOD) which caused a 0.04 increment of the absorbance at 550nm during 120 sec, and the crude enzyme aliquot. One unit of SOD activity was defined the amount of enzyme to required to reduce 50% of the absorbance which was increased by XOD addition.
Herbicide treatments
The primary leaves of kidney bean plants were sprayed with 5ml of 300, 600 and 900u M paraquat containing 0.1% tween 20 or 40, 80 and 120MM oxyfluorfen dissolved in 30% acetone containing 0.2% tween 20. After the treatments, surface of the leaves was dried in the dark, and they were then transferred to the growth chamber with light irradiation at 250cEm-2s-1. Plant injury was determined after 24 hours for paraquat and 48 hours for oxyfluorf en treatment.
Analytical methods
The Mg2+ concentrations were determined by an inductively coupled plasma (ICP) spectrometer after grinding dried leaves with a mortar and pestle and extracting with 1N HCl for 12hr. Concentrations of chlorophyll (a+b) were measured after extraction with dimethyl sulf oxide at 60C for 12hr as described by Hiscox and Israelstam15). Protein concentration was determined by the method of Bradf ord3).
Results and Discussion

Sufficient
Mg2+ supply significantly increased dry matter production of root and shoots of cucumber and kidney bean plants, however, at the insufficient supply, their dry weight increments were slight (data not shown). Mg2+ concentration in the primary leaves of Mg2+-sufficient plants was increased gradually for a given period (Fig. 1) .
In the leaves of those Mg2+-deficient, however, the concentration was significantly lower than that of the Mg2+-sufficient condition (only about 1/26 for cucumber and 1/23 for kidney bean plants at 11 days).
Chlorophyll diminution in the primary leaves by Mg2+ deficiency differed between plant species (Fig. 2) . Visual injury (data not shown) and reduction of chlorophyll arosed in cucumber plants after 5 days of growth in the nutrient solution with inadequate (7MM) Mg2+ supply. The symptoms appeared more rapidly than in kidney bean. In kidney bean plants, chlorophyll content was little affected by Mg2+ deficiency (Fig. 2(B) ), and inter- (Fig. 3) . The protein content was remarkably lower in Mgz+-def icient cucumber leaves than in Mgz+-sufficient ones (Fig. 3(A) ): the concentration was 77% after 5 days and 57% after 11 days compared to leaves grown in nutrient solution with MgZ+ sufficient supply. The protein content of kidney bean plants, however, was not reduced by Mgz+ deficiency (Fig. 3(B) ). Effects of MgZ+ supply on antioxidative enzyme activities of cucumber and kidney bean plants are shown in Fig. 4 . The activities of antioxidative enzymes in the leaves of both plant species except GR in kidney bean plants increased greatly with time in Mgz+-def icient condition. After 11 days, AP, GR and SOD activities in cucumber were 3.6, 2.8 and 3.9 times higher in leaves of Mgz+-def icient than Mgz+-sufficient plants, respectively. In kidney bean, AP and SOD activities were 3.7 and 2.1 times higher in Mgtdefi-cient plants than Mgz+-sufficient plants, respectively. However GR activity of Mgz+-def icient plants was decreased to 62 compared to that of Mgz+-sufficient leaves.
Since kidney bean showed less chlorosis than cucumber by Mgz+ deficiency, it was used as test plant species to evaluate of herbicidal damage. The extent of chlorosis in the primary leaves clearly indicated that the tolerance of kidney bean plants to paraquat and oxyfluorfen was increased greatly by Mgz+ deficiency (Figs. 5 and 6 ). After being sprayed with paraquat of oxyf luorf en, Mgz+-sufficient leaves showed intensive chlorosis with increasing herbicide concentration, whereas in Mgz+-deficient leaves, the chlorosis was remarkably diminished (Fig. 5) . Toxic oxygen species produced by paraquatl and oxyf luorf en8 attack unsaturated fatty (Fig. 6 ). Prior to herbicide treat- Mg2+-sufficient leaves, but only 11 in Mgtdeficient leaves at 120 1M concentration.
Thus herbicidal injury was much greater in
Mgt-sufficient leaves than Mgt-deficient leaves.
In cucumber, there was a rapid increase in the activities of all tested antioxidative enzymes with Mg2+ deficiency (Fig. 4) , and in kidney bean, the activities of AP and SOD increased with Mg2+ deficiency (Fig. 4) .
However, the activity of GR in Mg2+-deficient kidney bean plants decreased with time. The results presented here show that paraquat and oxyfluorfen toxicity in kidney bean leaves was greatly affected by the nutritional status of Mg2+ (Figs. 5, 6 ). 
